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electronic and optoelectronic counterparts, they are fabricated using conventional preform-based fiberprocessing methods, yielding kilometers of functional, thin and flexible devices. This renders these fiber systems a compelling candidate for applications such as remote and distributed sensing, largearea optical-detection arrays, and functional fabrics 1, [6] [7] [8] [9] [10] [11] .
This paper is the proceeding for an invited talk at the European Work Shop on Optical Fiber
Sensors (EWOFS) 2010, that provides a review of the recent progress in multimaterial fiber sensors research. We will first describe the materials involved and the fabrication approach for multimaterial fiber devices. The principle of photodetecting fibers will then be presented, and the latest results and applications described. We will then present recent advances in active devices with the demonstration of multimaterial piezoelectric fibers and the different sensing applications this can entail. Finally, recent progressses on in-fiber device complexity will be presented as well as some aspects of the different projects and future direction for this emerging fiber sensing technology.
The fabrication of multimaterial fibers involves the construction of macroscale preforms that are subsequently stretched into long (hundreds of meters), thin, flexible, and light-weight fibers that deliver prescribed functionalities 1 . In order to give an outline of the steps involved in fiber fabrication,
we consider an integrated device that consists of both a cylindrical omnidirectional mirror structure and a metal-semiconductor-insulator optoelectronic device as depicted in Figure 1 . Fabricating the device fiber begins with synthesizing a chalcogenide glass rod using standard sealed-ampoule techniques. A hollow polymer tube is prepared having an inner diameter that exactly matches the outer diameter of the glass rod, and a thickness exactly equal to that of thin metallic ribbons. The glass rod is then slid into the tube, the electrodes are inserted into pockets cut in the tube (Fig. 1a) , and finally a protective polymer cladding is wrapped around the structure (Fig. 1b) . In this way, the metal electrodes are completely enclosed between the polymer and the glass rod, preventing any leakage when it melts during drawing. The electrodes may be contacted to thin glass films with this method as well.
Fabrication of hollow multilayer structures in fibers begin by thermally evaporating a highindex chalcogenide glass (typically from the As-Se-Te glass system) on both sides of a free-standing low-index thin polymer film. To create a hollow fiber, the film is wrapped around a silicate glass tube and consolidated through heating in a vacuum oven. The silicate tube is then removed from the preform core by etching with hydrofluoric acid. When the structure is placed on the external surface of the fiber, no quartz tube is needed. Instead, the coated film is rolled directly around a polymer cylinder with a thin protective polymer layer wrapped around it. Both procedures are combined in preparing the preform shown in Fig. 1 , where an external multilayer structure surrounds the optoelectronic device.
The preform is then consolidated under vacuum at a high temperature (typically 10-3 Torr and 260
Cº). The resulting fiber preform is thermally drawn into extended lengths of fiber using the tower draw procedure common in the fiber-optic industry. During the draw process, the mirror layers are reduced in thickness by a factor of ~20-100 and the nominal positions of the PBGs are determined by real-time laser micrometer monitoring of the fiber outer diameter. The result is kilometer-long functional mesoscopic-scale device fibers, integrating metal, insulator and semiconductor structures. Consequently, it is conceivable that all the basic components of modern electronic and optoelectronic devices (such as junctions, transistors and so on) could potentially be incorporated into fibers produced with this simple and yet low-cost technique on a length scale beyond the reach of traditional electronics 12 . Let us consider for example the detection of optical signals.
Distributed sensing based on optical fibers can measure quantities such as temperature, chemicals or stress 13 . But these techniques are not amenable to the detection of light. To the contrary, multimaterial fibers integrates a semiconducting material, the electronic bandgap of which can be tuned to be able to absorb photon in a given frequency range. Indeed, when light impinges externally on the (amorphous) particular, we will demonstrate that a one meter-long photodetecting fiber can localize a single incident optical beam with a sub-centimeter resolution. This system also enables the full reconstruction of an arbitrary rectangular optical wave front profile, as well as the localization of up to three points of illumination under given constraints, incident along the fiber axis.
The fiber devices presented so far are static devices, incapable of controllably changing properties at arbitrary frequencies. Enabling electrically-modulated fibers could pave the way for unprecedented technological capabilities, impacting the repertoire of functionalities and applications for multimaterial fiber sensors. This could include sensitive flow measurements in capillary blood vessels, in vivo endovascular acoustic imaging through acoustically-opaque organs, and minimallyperturbative sensor meshes for large-area studies of pressure/velocity fields in fluid flows 15 . Previous approaches have focused on non-linear optical mechanisms realized in silica glass fibres [16] [17] [18] [19] , inherently limited by simple geometries, short fibre lengths and high driving fields. Here we will present a new approach where we lift these limitations through the composition of an internal phase that is simultaneously crystalline and non-centrosymmetric. Tens of metres of fibers containing a thin ferroelectric polymer layer spatially confined and electrically contacted by internal viscous electrodes are thermally drawn entirely from a macroscopic preform. The viscous state of the draw enables fibre cross sections of variable symmetry and resulting acoustic wave fronts, as exemplified in Figure 4A where the cross-section of a flat fiber is shown. Also shown in Figure 4 is the principle of fiber vibration detection enabled by the integration of a piezoelectric material. necessary to ensure that the preform viscosity during thermal drawing is large enough to extend the time-scale of breakup driven by surface tension effects in the fluids to times much longer than that of the actual drawing. The structured preform cross-section is maintained into the microscopic fiber only when this requirement is met. Unfortunately, the same disorder that is integral to the fabrication process is detrimental to the semiconductors' electronic properties. As a result, multimaterial fiber devices built to date are limited to ohmic metal-semiconductor contacts and suffer from problems common to photoconductor devices including high noise currents, continuous power consumption, and reduced sensitivity. The recent incorporation of phase-changing semiconductors 20 , those that may be easily converted between the amorphous and crystalline states, into composite fibers offers a path towards reduction of these defects and the ability to introduce spatially extended internal fields within the device. Indeed, by proper selection of the semiconductor and metallic contacts the synthesis of a crystalline compound semiconductor in fiber can be achieved. This opens the way toward arbitrarily long rectifying junction or field effect devices embedded in polymer fibers 21 , that could significantly impact fiber sensor performance.
